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(NASA-C"-- Several viable gravitation theories now exist that differ radically when describing strong gravitational fields, but that are identical to each other and to general relativity in the "post-Newtonian limit." During the next twenty years, one will probably not be able to distinguish these theories from general relativity or from each other by means of "solarsystem experiments" (gravitational redshift, perihelion shift, light deflection, time delay, gyroscope precession, lunar-laser ranging, gravimetry, Earth rotation, ...). However, gravitational-wave experiments offer hope:
These theories differ in their predictions of (i) propagation speed, and
(ii) polarization properties of gravitational waves.
Propagation speed: Some of the competing theories To test theories, an experimenter musk classify the waves that he detects. If he knows the direction of a wave a priori (e.g., from a particular supernova), he can directly extract the amplitude of each mode from his data and determine the class. If he does not know the direction, he cannot extract the amplitudes or determine the direction without applying some further assumption to his data (e.g., that the wave is no more general than N3 and is therefore purely transverse). But he can usually say something definite about the class of the wave:
If the driving forces in his detector are not in any one plane, the wave is II6 or III 5 .
(ii) If the driving forces are in a plane and are "pure monopole"
[as in Fig. l(c) ], the wave is not N2 .
(iii) If the driving forces are in a plane and are "pure quadrupole"
[as in Fig. l(a) ], the wave is not 01.
(iv) Otherwise the wave is either II6, III5, or N3 .
We now sketch the arguments that lead to these results about polarization of gravitational waves in metric theories. Consider a weak, plane, The Lorentz-invariant classes of waves that are defined above correspond precisely to the different representations of E(2) that can arise through Eqs.
(1).
The helicity (spin) decomposition of a wave is Lorentz-invariant only for classes N3 , N 2 , and 01. Theories in classes N3 , N2, and 01 provide a unitary representation of E(2) which is a direct sum of I-dimensional 12-14 massless particle representations, containing at most spins 0, ± 2.
Theories in classes II 6 and III5 provide a reducible representation of E (2) which is not completely reducible and is therefore nonunitaryl ; it is likely that such theories cannot be quantized. No other representation of E(2) (such as one with "continuous spin 1 3") can occur.
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